CLAIMS 



Having thus described our invention what we claim as new 
and desire to secure as Letters Patent, is: 



A superconductive composition having a transition 
temperature greater than 26°K/ the composition in- 
cluding a rare earth or fte-ai/ rare earth-like ele- 
ment, a transition metal element capable of 
exhibiting multivalent spates and oxygen, and in- 



cluding at least one phase that exhibits 
superconductivity at t£mperatui 




f 26°K. 



2. The composition of/claim 1, further incluGing an 

alkaline earth element substituted f#r at least one 
atom of said rrfre earth or rare^arth-like element 
in said composition. 



3. The composition of claim 2, where said transition 



metal i^s/Cu. \ 
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4. The composition of claim 3, where said alkaline earth 
element is selected from the group consisting of 




5. The composition of claim 1, where /said transition 

metal elem ent is selected from the group consisting 
* °f Cu, Ni > an< * Cr - ^) 



The composition of claim 2,/wher^s£ 
or rare earth-like element is ^s.e 
group consisting of La, Nd, and Ce. 



id rare earth 
from the 



The composition of claim 1, where sa 
crystalline with a /perovskite-like 




8. The composition /of claim 2, where said phase is 
crystalline w/ith a perovskite-like structure. 



9. The composition of claim 1, where said phase exhibits 
a layer-Aike crystalline structure. 
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I 10. The composition of claim 1, where! said phase is a 
mixed copper oxide phase. / 

| 11. The composition of claim 1, tfhere said composition 
^ is comprised of mixed oxide/ with alkaline__earth 

3 doping. / 



/ 12. A superconducting combination, including a 

5 superconductive composition having^a^tr^nsitionX 

3 temperature > 26°K, / / J 

V '-x / \ / 

/ means £or jpassing a /superconduct Jkig electrical 
^ current through said composition while sa/d compe- 
er sit ion is at a temperature > 26 0 K.\ and/ 

"7 cooling means for cooling said composition to a 

§ superconducting state at a temperature in excess 

^ of 26°K. / / 

/ 13. The combination of claim 12, where said 

^ superconductive composition includes a transition 

j metal o»ide, 
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14. The combination of claim 12, where Said 

superconductive composition includes/ Cu- oxide 



15. The combination of claim 12, where said 

superconductive composition includes a multivalent 
transition metal, oxygen, afid at least one addi- 
tional element. 



16. The combination of cla/m 15, where said transition 
metal is Cu. 




17. The combination ok claim 15 ^ 
element is a ram earth or rare 



18. The combination of claim 15, where/said additional 
element is/ an alkaline earth element. 



19. The combination of claim 12, where said composition 
includes a perovskite-like superconducting phase. 
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20. The combination of claim 12, where /said composition 
includes a substituted transition metal oxide. 



21. The combination of claim 20, where said substituted 
transition metal oxide inclyudes a multivalent 
transition metal element. 




22. The combination of claim 20, 
transition metal oxide is an 



ere s^id substituted 
oxidfe of copper. 



' 23. The combination of claim 20, where said substituted 
transition metal oxide has a layer-like structure 



3 

V 

5" 
C 

7 



24^,/ A method including the steps of forming a transition 
metal oxide having a phase therein which exhibits 
a superconducting state at a critical temperature 
in excess of 26° K, 



lowerin g the temperature of said materia 
yo said critical temperature to produce said 
superconducting state in said phase, and 



1 at •lGG9 - b" 
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passing an electrical supercurrent through said 
transition metal oxide while it is in said super- 
conducting state. 



| 25. The method of claim 24, where said transition metal 
^ oxide is comprised of a transition metal capable 

3 of exhibiting multivalent states. 



i 26. The method of claim 24, where said transition metal 
^ oxide is comprised of a Cu oxide. 



' 27. A superconducting co/iposit j^tffhaving a transition 

3 

V 
r 



temperature in excefss at 26 V K, said composition 
being a substitut/d /Cu-dxide including/a supercon- 
ducting phase having a structure sujjfstantially 
close to the ^2thorhombic-tietragp6al phase transi- 
tion of said/composition . 



/ 28. The composition of cl&im 27, where said substituted 
<3 Cu-ox/tde includes a rare earth or rare earth-like 

3 element. 
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I 29. The composition of claim 27, where saifl substituted 
Cu-oxide includes an alkaline earth Element. 



/ 30. The composition of claim 29, where said alkaline 



3 



earth element is atomically layge with respect to 
Cu. 



I 31. 

3 
V 

r 



The composition of claim 2jI , where said composition 
has a crystalline structure which 
electron-phonon interactions to 

superconductivity at £ temp^ratur^ in exces^ of 
26°K. 



I 32. The composition pf claim 31, where sap crystalline 
^ structure is l^yer-like, enhancing ^he number of 

3 



I 

3 
3 



Jahn-Teller polarons in said comp©s4irte 
/ * / 




33. A superconducting composition having a supercon- 
ducting onset temperature in excess of 26°K. , the 
composition being comprised of a copper oxide doped 
with an Alkaline earth element where the concen- 



YO987-074 



- 35 - 



t 



t 

7 

i 



tration of said alkaline earth element is/near to 
the concentration of said alkaline eartl/ element 
where the superconducting copper oxide/phase in 
said composition undergoes an orthorhombic to 
tetragonal structural phase transition. 



| 34. A superconducting composition Waving a supercon- 
^ ducting onset temperature in /excess of 26°K, the 

^ composition being comprised /of a mixed copper oxide 

/ 3+ 
doped with an element chosen to create Cy ^ions 

in said composition. 



s 



j 35. The composition of claim 34, whe 



3 

y 

6 



ement includes an ^.kaline earth elemen/. 



^ 36. A combination comprising: 




ing el- 



a composition/ having a superconducting onset tem- 
perature in Excess of 26°K, said composition being 
comprised olf a substituted copper oxide exhibiting 
mixed valehce states and at least one other element 
in its crystalline structure, 
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means for passing a super conduct ia 



Metrical 



current through said composition wKile said compo- 

/ / \ 9 

sition is at a temperature in exctess of 26°K, -a**4- 



lO codling jft^ans for cJoling said composition to a 

ff super^o^d^cting state at a temperature in excess 

of 2 <l 



' 37. The, combination of claim p6 > where said at least 
X 

one other element is an/alkaline earth element. 



/ 38. The combination of claim/36 A where said/ at least 



3 



2 
3 

V 




one other elemenx is an element which/creates Cu 
ions in said composition. 



3+ 



39. The compos/Ltion of claim 36, /where said at least 

one other/ element is an e-lement chosen to create 

2+ 3+ 

the presence of both Cu and Cu ions in said 



composition. 
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' ^40^ A superconductor exhibiting a superconducting onset 



3 

3 
V 



at a temperature in excess of 26°K, said supercon- 
ductor being comprised of at learst four elements, 
none of which is itself superconducting. 



/ 41. The superconductor of claim/ 40, where said elements 
^ include a transition metal and oxygen. 



3 
V 




A superconductor having a sugjerfconducting on^et 
temperature greater ^6°K,/said superconductoyt being 
a doped transition metal" oxid§, where sairf transi- 
tion metal is itse/Lf non-superdonduct i 



j 43. The superconductor of claim 42, wnere said doped 

transition me/tal oxide is mult iya lent in said 
3 super conducl 



Jor . 




/ 44. The superconductor of claim 42, further including 
^ an element which creates a mixed valent state of 



said transition metal, 
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/ 45. The superconductor of claim 43, wl^ere said transi- 
^ tion metal is Cu. 



) (46. 



4 
J 
V 



i 47 - 
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A superconductor having a superconducting onset 
temperature greater than 26°K, said superconductor 
being an oxide having multivalent oxidation states 
and including a metal, /said oxide having a crys- 
talline structure whi£h is oxygen deficient. 



The superconductor of claim 
tion metal is Cu. 




id transi- 



A superconductive composition comprised of a tran- 
sition metal oxide having substitutions therein, 
the amouryfc of said substitutions being sufficient 
to produce sufficient elect ron-phonon interactions 
in said/ composition that said composition exhibits 
a superconducting onset at temperatures greater 
than 2/6°K. 
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/ 49. The composition of claim 48, wher^ said transition 
^ metal oxide is multivalent in safid composition. 



/ 50. The composition of claim 48/, where said transition 
oi_ metal is Cu. 




} 51. The composition of cl/aim 48, where s aid— sufc^s t i - 
i tutions include an Alkaline e&ffih element. 



J 52. The composition/ of claim 48, 
o| tutions include a rare earth oV 

J element. 



) (j>3j A superconductor comprised of /a copper oxide having 
a layer-like crystalline structure and at least one 

j additional element substituted in said crystalline 

y structure, said structure being oxygen deficient 

and exhibiting a superconducting onset temperature 

6 in excess of 26°K. 
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54. The superconductor of claim 53, yhere said addi- 
tional element creates a mixed yklent state of said 
copper oxide in said superconductor. 



A combination, comprising: 



j 



a transition metal oxide hiving an oxygen/defi- 
ciency, said transition metal being not^ 
superconducting ^iid said oxi^e having multivalent 
states , 



ib * 



means for passing an electr/cal superconducting 
current through said oxide while said oxide is at 
a temperatiire greater than 26°K, - and - 



said oxide is 



1 

lo 

1/ 



cooljirng means for cooling said oxide in a super- 
cq^ucjfing state at a temperature greater than 



/ 56. The comoination of claii 
^ metal is JCu. 




55, where said transition 
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57. A combination including; 

a superconducting oxidi having a superconducting onset 
temperature in excess /of 26°K and containing at least 3 
non-superconducting elements, 



means for passing aj supercurrent through said oxide 



while said oxide is maintained at a te^npe'r^turegr^eater 
than 26 °K, and 



means for maintaining said oxi 
state at a temoerature greater 



r conducting 




58./ A combination, comprised o 



creates a /nixed valent s. 




a copper oxpxle superconductor including an element which 

in said oxide, said oxide 
being crystalline and having a layer- like structure, 



means for passing a supercurrent through said copper 



oxide 
than It 



ile it is maintained at a temperature greater 
°K, and 
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£^ d means for j&g&.]vu^ said coppe ^ 

^ state at a temperature greater than 26°K 



jr oxide ^o a 



a superconductive 



y / 59/ A combination, comprised of: 



j 



a superconducting ceramic-like material having an 
onset of superconpuct ivity at a temperature in ex- 
cess of 26°K. , 



r 



7 
f 



means for passing a supear£urrent through saic 
superconducting ceramic- like material while/said 
ceramic-like ^material is maintained at a /emper- 
ature in excfess of 26°K. , akd 



n? ? 

0 10 



means for pooling said superconducting ceramic- like 
material £6. a superconductive ^fcate at a temper- 
ature greater than 26°K. 




A superconductor comprised of a transition metal 
oxide/ and at least one additional element, said 
superconductor having a distorted crystalline 
structure characterized by an oxygen deficiency and 
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exhibiting a superconducting onset /temperature in 
excess of 26°K. 



61. The superconductor of claim 60/ where said transi- 
tion metal is Cu. 



62./ A superconductor comprise^ of a transition metal 
oxide and at least one additional element, 
superconductor having a distorted^ 
structure characterized/ by an 

/ 

exhibiting a supercond^uctin^'Npnset temperature 7 in 
excess of 26°K. 




63. The superconductor of claim 62, w\her y e said transi- 
tion metal is Cui 



^64.) A combination, comprising: 

a mixed copper oxide composition having enhanced 
C polaron '.formation, said composition including an 

v - ) J 

element causing said copper to have a mixed valent 
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state in said composition, said compos i/t ion further 
having a distorted octahedral oxygen/environment 
leading to a greater than 26°K 



means for providing a supercurrent throl 
composition at temperatures greater thair 26°K. ,- and - 



cooling 
temper 





ns for cooling paid Composition to a 
& greater than 26°K. 



3 

y 

r 

7 
/ 
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65. 



A superconducting composition /exhibiting 
superconductivity at temperatures greater than 
26°K, said composition be/ng a ceramic- like mate- 
rial in the RE-AE-TM-0 s/ystetf, where |RE is a rare 
earth or near rare earych e/lenjent, AE/is an alkaline 
earth element, TM is /a multivalent transition metal 
element having at Least two valence states in said 



composition, and Of is oxygen 
amounts of said transition 
lence states being determine 



the ratio of the 

1 in said two va- 
by the ratio RE : AE, 



/ ^ superconductive composition having a transition 

ol temperature gr/eater than 26°K, the composition in- 
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eluding a multivalent transition metal oxide and 
at least one additional element, said composition 
having a distorted orthorhombic crystalline struc- 
ture . 



j 67. The composition of claim 66, where said transition 
^ metal oxide is a mixed copper o:yide. 



/ 68. The composition of claim 67/ where said one addi 

o 

tional element is an alkalAne^eartli element. 



o| a superconducting composition exhib/tijig a super- 

^ conducting transition temperature greater than 

^/ 26°K, said composition being a transition metal 
5 oxide having a distorted orthtirhombic crystalline 

structure , and 



means for passing a superconducting electrical 
current through said composition while said compo- 



sition is at} a temperature greater than 26°K. 
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1 70. The combination of claim 69, where sa£d transition 
^ metal oxide is a mixed copper oxide. 



/ 71. The combination of claim 70, where/said mixed copper 

^ / 
°^ oxide includes an alkaline earth/ element. 




3 



J 72. The combination of claim 71, where said mixed copj 
oxide further includes a ra/e earth or 
like element. 



J ^73. jA method for making a superconductor haying^/a 
superconducting onset temperature > 26°K\/said 
method including the steps of: 



3 



y 




preparing powders of oxygen -containing compounds 
of a rare earth or /rare ear^thrlike element, an 
alkaline earth element, and copper, 



j mixing said compo/inds and firing said mixture to 
create a mixed cipper oxide composition including 

J said alkaline e^frth element and said rare earth or 

rare earth-like/ element, and 
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/ / annealing said mixed copper oxide composition at 
an elevated temperature less than /about 950°C in 
/ ^ an atmosphere including oxygen tji produce a super- 
conducting composition having aj mixed copper oxide 
I S* phase exhibiting a superconducting onset temper- 
I ature greater than 26°K, saiaV superconducting com- 
I ~J position having a layer-like 7 crystalline structure 
1$ after said annealing step. 



/ 74 - 
3 

y 



I V75. 

3 

i 

r 

L 

7 
2 



The method of claim 73,/ where tj*e amount ot oxygen 
incorporated into said composition is adjusted by 
said annealing step, /the amount d|f oxygen ^herein 
affecting the critiaal temperature^ T off the 
superconducting composition. 




A method for making a superconductor having a 
superconducting/ onset temperature greater than 
26°K, said superconductor being comprised of a rare 
earth or rare earth-like element (RE), an alkaline 
earth element /(AE) , copper (CU) , and oxygen (0) and 
having the general formula RE-AE-CU-0, said method 
including the steps of combining said rare earth 
or rare earth-like element, said alkaline earth 
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7 element and said copper in the presence df oxygen 

lo to produce a mixed copper oxide includiryg said rare 

tf earth or rare earth-like element and s^aid alkaline 

/pL^ earth element therein, and 



/ ^ heating said mixed copper oxide td produce a 

superconductor having a crystalline layer- like 
structure and exhibiting a superconducting onset 
temperature greater than 26°K,/ the critical tran- 
sition temperature of said superconductor beJ 
dependent on the amount of said alkali 
ement therein. 



a' 
k 

n 



J 76. The method of claim 75, /where said he 
<?L done in an atmosphere Including oxygen 



fetep is 



A combination, compr/ising: 



3 
V 

y 




a mixed copper oxide composition^ including an 
alkaline earth element (AE) and a rare earth or 
rare earth- like e/lement (RE), said composition 
having a layer- l/ike crystalline structure and 
multi-valent oxidation states, said composition 
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exhibiting a substantially zero resistance to the 

7 iK 

flow of electrical current therethrough when -eetH-e^ 
/^o a superconducting state at a t/emperature in ex- 
cess of 26°K, and 



If electrical means for passing fxn electrical super- 

1^ current through said composition when said compo- 

I ^ sition exhibits substantially zero resistance at a 

/ y temperature greater than 



J 78. The combination of claim 77, w 
(AE,RE) : Cu is substantially 1 



/ 79. The combination 




claim 77, where the ratio 

\ Ml- 



(AE.RE) : Cu is /Substantial^ iii. 



J 80. The combination of claim 77, where said crystalline 
2^ structure is/pe^o^kite-like^J^) 
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^ 81. The combination of claim 77, where sa4d mixed copper 
oxide composition has a non- stoichiometric amount 

3 

of oxygen therein. 



;3 

3 

y 

r 
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? 

? 

/o , 
li 
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if 
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A method for making a superconductor liaving a 
superconducting onset temperature greater than 26°, 
said superconductor being comprised of a rare earth 
or rare earth-like element (RE), an alkaJr-iftevearth 
element (AE) , a transition metaL^element (TM)/, and 
oxygen (0) and having y^he general formula 
RE-AE-TM-0, said meytho^ including the Sy6eps of 
combining said rare 7 earth or rbre earth/like ele- 
ment, said alkaline earth element and said transi- 
tion metal element in the presence /of oxygen to 
produce a mixed transition metal/oxide including 
said rare eart/h or rare earth-like element and said 




/ 



alkaline earth element therein, and 



heating said mixed transition metal oxide to 
produce £ g npexriQ Hlin ^ (aT ~ having a crystalline 
layer- li^e structure and exhibiting a supercon- 
ducting/onset temperature greater than 26°K, said 
superconductor having a non-stoichiometric amount 



of oxygen therein. 

I ■ 
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J 83. The method of claim 82, where said transition metal 
A. is copper. 



j ^84. A superconducting combination, Comprising: 



3 



to 7 
? 



a mixed transition metal afxide composition con- 
taining a non-stoichiomet/ric amount of oxygen 
therein, a transition metal and at least one addi- 
tional element, said composition ha vim 
tially zero resistance /to the fj^w of electricity 
therethrough when ^nn\f^^^^]wrrrnnr\urt inj^r ntc 
at a temperature gre/iter than 2di°K, and 



electrical super- 
when said compo- 



electrical means tor passing an 
current through £aid compos it j 

sition is in/ said superconducting state at a 
temperature gr/eater than 26°K. 



/ 85. The combination of claim 84, where said transition 
^ metal is cjopper. 



/^86j A method, comprising the steps of: 
Y0987-074 - 52 - 
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/ 87. 

<3L 



88. 



forming a composition including a transition metal, 
a rare earth or rare earth-like element, an 
alkaline earth element, and oxygen, where said 
composition is a mixed transition metal oxide hav- 
ing a non-stoichiometric amount of oxygen therein 
and exhibiting a superconducting state at a tem- 
perature greater than 26°K, 



moling said composition jo. said superconducting 

is ^ 

state at a temperature greater than 26°K, and 

passing an electrical current through said compo- 
sition while said composition is in said supercon- 
ducting state. 

The method of claim 86, where said transition metal 
is copper. 



A method, including the steps of: 



forming a composition exhibiting a superconductive 
state at a temperature in excess of 26°K, 
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f *€o el4u^ said composition jfo a temperatu 



6 



re in excess 

of 26°K at which temperature said composition ex- 
hibits said superconductive state, and 



"J passing an electrical current through said compo- 
£ sition while said composition is in said 
f superconductive state. 



/ 89. The method of claim 88, where said composition is 
comprised of a metal oxide. 



i 



I 90. The metal of claim 88, where said composition is 
comprised of a transition^ metal oxide. 
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